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1
METHOD FOR PRODUCING A
RING-SHAPED OR PLATE-LIKE ELEMENT

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to a method for producing a ring-
shaped or plate-like element, in particular for a metal-sealing
material-feedthrough, in particular for devices which are
subjected to high pressures, preferably igniters for airbags or
belt tensioning devices, as well as a method to produce a
metal-sealing material-feedthrough.

2. Description of the Related Art

Metal-sealing material-feedthroughs are already known in
various forms from the current state of the art. Metal-sealing
material-feedthroughs are to be understood to be vacuum-
tight fusions of sealing materials, especially glasses, glass
ceramics or synthetics in metals. The metals function hereby
as conductors. We refer you in this context to representative
documentation U.S. Pat. Nos. 5,345,872, 3,274,937.
Feedthroughs of this type are common in electronic and
electrical engineering. The material used for sealing, espe-
cially glass serves as an insulator. Typical metal-sealing
material-feedthroughs are constructed such that metallic
internal conductors are sealed into a pre-formed sintered
glass component, whereby the sintered glass component or
the glass tube is sealed into an outer metal component with
the so-called base body which is formed by a ring-shaped or
plate-like element. Preferred applications for metal-sealing
material-feedthroughs of this type are for example ignition
devices. One area of application is in air bags or belt
tensioning devices in motor vehicles. In this case the metal-
sealing material-feedthroughs are a component part of an
ignition device. The entire ignition device includes in addi-
tion to the metal-sealing material-feedthrough an ignition
bridge, the explosive agent as well as a metal shrouding
which tightly encloses the ignition mechanism. Either one or
two, or more than two metal pins may be inserted through
the feedthrough. In a preferred embodiment with one metal-
lic pin the housing is grounded; in a preferred two-pin
embodiment one of the pins is grounded.

Metal-sealing material-feedthroughs, especially for ignit-
ers for airbags or belt tensioning devices which distinguish
themselves in that the feedthrough opening for the metal
pins is punched out of the base body have become known
from US 2006/0222881 A1, US 2004/0216631, EP-A-1 455
160, US 2007/0187934 Al and U.S. Pat No. 1,813,906.
During the production of the base bodies from a strip stock
having a thickness in the range of between 1 mm and 5 mm,
preferably 1.5 mm and 3.5 mm, especially between 1.8 mm
to 3.0 mm, more especially preferably between 2.0 mm to
2.6 mm the openings are punched through the entire thick-
ness of base body D by means of a punching process,
according to US 2007/0187934.

The metal pin in the sealing material is embedded into the
opening punched into the base body across the entire thick-
ness D of the base body which is in the aforementioned
range.

Moreover, the feedthrough-opening in feedthroughs with
more than one pin is arranged off-center according to US
2007/0187934 Al.

According to US 2007/0187934 A1 punching sheet metal
has a multitude of disadvantages. One disadvantage is that
when punching a solid material, for example sheet metal of
the base body, a great amount of material waste occurs.
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Especially in metal-sealing material-feedthroughs with
two metal pins and an off-center opening the problem arose
that the off-center opening resulted in a weakening of the
glazing.

It is therefore the objective of the current invention, and
what is needed in the art is, to avoid the described disad-
vantages according to the current state of the art and to cite
a method in particular for the production of a base body in
the form of a ring-shaped or plate-like element for a metal-
sealing material-feedthrough which can be produced with
lesser material waste than is the case in the current state of
the art, in particular in a cold forming process.

SUMMARY OF THE INVENTION

According to the current invention the objective is met by,
and the present invention provides, a method for the pro-
duction of a plate-like element which represents the base
body, in particular for a metal-sealing material-feedthrough,
whereby a blank, especially a wire-shaped material, is
provided and the blank is subjected to processing so that a
feedthrough-opening can be incorporated into a ring-shaped
or plate-like element created from the blank.

The processing of the blank most preferably includes
incorporation of a relief region and reshaping, especially
cold-forming. The process steps of the method can be
carried out in varying sequence.

One possible sequence without limitation thereto includes
the following process steps:

A blank, in particular of a wire-shaped material, is pro-

vided.

The blank is cold-formed, in particular by means of
compressing, whereby the relatively geometric dimen-
sions are changed, resulting in the plate-like element
with an essentially round outside contour.

A relief region is incorporated into the plate-like element.

After incorporation of the relief region in the plate-like
element—which results in that the plate-like element
has a lesser thickness in the region of the through-
opening than the thickness of the plate-like element,
especially the base body—the through-opening is pro-
duced in the region of reduced thickness with the
assistance of a punching process.

In a first preferred embodiment of the method a relief
region may be incorporated into the blank or the ring- or
plate like element, or respectively the base body in that the
blank or the ring- or plate like element is pressed against a
punch. Due to the pressure of the punch the material of the
blank or the ring-shaped or plate-like element which is
preferably steel with a copper component of 1 to 5 weight-%
copper surrounds around the punch. In this manner a relief
bore or respectively a relief region can be incorporated into
the blank or the ring-shaped or plate-like element by means
of the punch. Alternatively it is possible not to press the
blank or the ring-shaped or plate-like element against a
punch, but instead press a punch against one side of the
blank or the ring-shaped or plate-like element. Due to the
pressure this results in that the material of the plate-like body
is pushed out on the side opposite the side on which the
pressure is exerted. The result of this process is again the
production of a relief region, or respectively the relief bore.

After providing the relief region a punching tool is
provided in the area of the relief region or respectively the
relief bore and the feedthrough-opening is produced by
means of punching. The thickness of the ring-shaped or
plate-like element is preferably reduced in the region of the
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through-opening which is to be punched, preferably to
values from 1.5 mm to 4.5 mm.

It is preferred if a conically tapering opening is punched
out with the assistance of the punching tool.

The advantage of the illustrated method is that the pro-
duction of the ring-shaped or plate-like element which finds
use in a metal-sealing material-feedthrough occurs essen-
tially at the same time interval in all different process steps.
This means that the step of cold-forming, the step of
incorporating the relief opening or respectively the relief
region, as well as the step of punching the through-opening
into the ring-shaped or plate-like element requires essen-
tially the same amount of time. In this manner it is pos-
sible—starting with a wire like material—to produce a
ring-shaped or plate-like element with a through-opening
essentially at the same pace at different work stations, that
is the work station for cold forming, the work station for
producing the relief opening and the work station for punch-
ing. If it is necessary, like for example in the current state of
the art to produce the bore in a machined or cold formed
ring-shaped or plate-like element not by means of a punch-
ing process but by means of a drilling process, then the
drilling process requires a much longer time than cold
forming. Thus, the production of a ring-shaped or plate-like
element requires at least double the time, compared to the
inventive method.

As stated previously it is preferred, if the plate-like
element consists of steel, preferably high grade steel with a
copper content in the range of 1 weight % to 5 weight %,
especially between 2.0 weight % to 4 weight %. A material
of this type allows for the ring-shaped or plate-like element,
or respectively the base body to be produced through cold
forming, for example from a wire material. Hereby a piece
is initially cut off the steel wire with the above stated copper
content. In an additional step it is brought into the desired
shape by means of compression into the form of the plate-
like element. This is only possible if the material possesses
a certain elasticity which is achieved through the stated
copper content. The material is heavily compressed or
respectively compacted through the described cold forming.

However, the material does not have to be formable only
through cold forming, but in applications for example for
airbag igniters it must also possess sufficient rigidity in order
to absorb ejection forces of 1750 N to 3000 N which act
upon the sealing material without deformation when using in
an igniter. In addition the material must also guarantee
reliable laser welding.

Surprisingly it has been found that a steel, in particular a
high grade steel with a copper content of 1 weight % to 5
weight % combines these two conflicting characteristics,
namely on the one hand the sufficient elasticity for cold-
forming and on the other hand sufficient rigidity, or respec-
tively flexural strength in order to withstand the high extrac-
tion forces or respectively the high ejection force under load,
as can occur in a metal-sealing material-feedthrough in an
igniter.

The previously described ejection force which is charac-
teristic for metal-sealing material-feedthroughs is that force
which must be applied in order to eject the sealing material
which is placed in the opening of the metal sealing material
feedthrough. The level of the ejection force may be deter-
mined either hydrostatically or mechanically. If the ejection
force is determined mechanically then the surface of the
sealing material is acted upon with a punch whereby the
surface of the punch which presses upon the sealing material
is smaller than the surface of the sealing material.
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Alternatively, the ejection force may be measured hydro-
statically. In this case the sealing material is acted upon with
a hydrostatic pressure, for example water pressure and is
then measured, whereby the sealing material is expelled
from the feedthrough opening by said hydrostatic pressure.

In addition to the inventive method for the production of
a ring-shaped or plate-like element, the invention also pro-
vides a method to produce a metal-sealing material-
feedthrough with such a ring-shaped or plate-like element
being the base body, whereby the metal pin of the metal-
sealing material-feedthrough is glazed into the feedthrough
opening of the ring-shaped or plate-like element with the
assistance of the sealing material.

First, the ring-shaped or plate-like element is produced
with the inventive method. Subsequently, a metal pin is
fused into a sealing material which may for example be a
glass plug. Then, the glass plug is placed together with the
metal pin into the feedthrough opening. Glass and metal
ring, in this case the ring-shaped or plate-like element are
heated, so that after cooling the metal shrinks onto the
sealing material—in this case the glass plug.

A preferred method for the production of a metal-sealing
material-feedthrough is cited whereby two metal pins are
provided. Since, according to the invention, the feedthrough
opening in the plate-like element is located essentially in the
center, both metal pins are curved. While one of the metal
pins is passed through the feedthrough opening insulated in
the glass plug, the other metal pin is preferably in the
embodiment of a grounded pin and is conductively con-
nected with the base body, for example through brazing.

The inventively produced metal-sealing material-
feedthrough is advantageously applied in ignition devices of
any desired design. For example, an ignition device of this
type can be provided for a pyrotechnic protective device,
especially for an airbag or a belt tensioning device. A
pyrotechnic protective device of this type includes a metal-
sealing material-feedthrough produced in accordance with
the current invention, as well as a cap connected with the
base body of said metal-sealing material-feedthrough,
whereby a propellant is encased between the metal-sealing
material-feedthrough and the cap. The ignition device with
the inventive metal-sealing material-feedthrough can be
utilized in gas generators, for example in hot gas generators,
cold gas generators, hybrid generators.

As stated above, preferred areas of application are devices
for pyrotechnic protective systems, for example airbags and
belt tensioners.

BRIEF DESCRIPTION OF THE DRAWINGS

The above-mentioned and other features and advantages
of this invention, and the manner of attaining them, will
become more apparent and the invention will be better
understood by reference to the following description of
embodiments of the invention taken in conjunction with the
accompanying drawings, wherein:

FIGS. 1la-1c show a method for the production of a
ring-shaped or plate-like element according to the invention;

FIGS. 2a-2¢ show a ring-shaped or plate-like element
according to the invention;

FIGS. 3a-3¢ show a metal-sealing material-feedthrough
according to the invention;

FIGS. 4a-4b show a comparison of the phase lines in a
metallurgical section of a ring-shaped or a plate-like body
according to the current state of the art.

Corresponding reference characters indicate correspond-
ing parts throughout the several views. The exemplifications
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set out herein illustrate embodiments of the invention, and
such exemplifications are not to be construed as limiting the
scope of the invention in any manner.

DETAILED DESCRIPTION OF THE
INVENTION

FIG. 1a illustrates the various stations of the production
process. In the first station a blank 1010 is separated or
respectively cut from a wire like material 1000. In the
second step, that is in the second station to which the severed
blank is transported in one production step, the blank is
cold-formed by compressing to the point where the outside
dimensions conform to the outside dimensions which the
ring-shaped or plate-like element that is to be manufactured
must have. The relative geometric dimensions are hereby
altered, whereby the blank predominantly becomes wider
due to compressing. In the following third station the
cold-formed plate-like element 1020 is pressed against a
punch 1040 with pressure 1030. Due to the pressure with
which the ring-shaped or plate-like element is pressed
against the punch, the material of the ring-shaped or plate-
like element surrounds the punch. The material in the region
of the punch is thereby removed from the plate-like element
and the plate-like element with a relief opening or respec-
tively relief region 1050 shown in the fourth station remains.
The description of the sequence of process steps is merely
exemplary. A relief opening in the blank could also be
produced first, followed by subsequent reshaping.

Due to the relief bore thickness D of the plate-like element
has been greatly reduced in region 1060 of the ring-shaped
or plate-like element—that is to a thickness DR. The thick-
ness of the ring-shaped or plate-like element is hereby
reduced by between 20% and 60%, especially between 30%
and 50%. Then, in a fifth process step a punching tool 1060
is inserted into the relief opening and a conical feedthrough
opening 1070 is punched through the ring-shaped or plate-
like element. Essentially, the ring-shaped or plate-like ele-
ment with relief opening and feedthrough opening results as
demonstrated in the fifth station. The inventive method
distinguishes itself in that for each of the cited stations, that
is for severing from the wire-like base material, forming,
provision of the relief opening or respectively the relief
region and punching of the feedthrough opening through the
plate-like element with reduced thickness, essentially the
same time is taken for each process step. This allows for the
inventive method to be highly automated.

FIGS. 16 and 1c¢ illustrate two methods which are possible
in principle for providing the relief region or respectively the
relief bore. In FIG. 15, as in FIG. 1a the ring-shaped or
plate-like element 1020 is pressed against a punch 1040 in
the third step, so that the material surrounds the punch and
from this a relief opening results. Alternatively it is possible,
as shown in FIG. 1c, that not the plate-like base body 1020
is pressed against a punch 1040, but vice versa, punch 1040
is pressed against the ring-shaped or plate-like base body
1020. Then, due to the pressure on the side of the ring-
shaped or plate-like body opposite the punch, the material is
expelled. The result again is the ring-shaped or plate-like
element with relief region or respectively relief bore.

FIGS. 2a-2c illustrate a ring-shaped or plate-like forma-
tion or element, produced according to the inventive method
which essentially is utilized as the base body for a metal-
sealing material-feedthrough. As shown in a top view in
FIG. 2b, the ring-shaped or plate-like element 1 has essen-
tially a circular outer contour 3. Plate-like body 1 is pro-
duced preferably by a cold-forming process, as shown in
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FIG. 1a, for example from a wire. Hereby, a piece is first cut
from the wire and is subsequently transformed through
cold-forming, in particular through compression into the
circular form illustrated in FIG. 256 in a top view from
backside 14. FIG. 2c¢ is a exploded view from backside 14.

Following this, a relief region 5 which is also referred to
as relief bore is provided into the cold-formed component 1
by means of a punch.

The height or respectively thickness of the relief bore,
which essentially circular as shown in the top view in FIG.
2b, equals HF.

The thickness of the entire ring-shaped or plate-like
element which is obtained through cold-forming, equals D.
The material therefore is weakened in the areas where the
feedthrough opening is essentially placed central relative to
the rotational axis R of the plate-like body, so that the solid
material through which feedthrough opening 10 in the
ring-shaped or plate-like element 1 must be punched equals
merely DR. Thickness D of the plate-like element varies
preferably between 3.5 mm to 6 mm and thickness DR of the
region to be punched out between 1.5 mm and 3 mm. If
plate-like element 1 is utilized in a metal-sealing material-
feedthrough, then a metal pin in a sealing material, for
example in a glass plug is inserted in the feedthrough
opening. The glass plug is then in contact with the walls of
the feedthrough opening. In order to avoid pushing the metal
pin which was encased in a glass plug out of feedthrough
opening 10, even at high pressures means are provided to
prevent a relative movement from the front side 12 of
ring-shaped or plate-like element 1 to the rear side 14. In the
present design example this is achieved in that the
feedthrough opening tapers conically over at least one
region 20.

FIGS. 3a through 3c illustrate utilization of a plate-like
element according to FIGS. 2a-2¢ according to the invention
in a metal-sealing material-feedthrough, especially for air-
bag ignition devices, belt tensioning devices. Hereby FIG.
3a illustrates a section according to FIG. 24, FIG. 35 a top
view according to FIG. 26 and FIG. 3¢ an exploded view
according to FIG. 2¢.

Identical components as shown in FIGS. 2a through 2¢
carry the same identification numbers.

Ring-shaped or plate-like element 1 with a thickness D is
clearly recognizable. Moreover, relief bore 5 is recogniz-
able, which is punched out of the cold-formed plate-like
element 1 by means of a punch. Above the punch,
feedthrough opening 10 with its conical progression 20
which is punched from the remaining material with thick-
ness DR can be seen.

The ring-shaped or plate-like element serves as the basis
for a metal-sealing material-feedthrough with a total of two
metal pins 50, 52. While metal pin 50 is fed through the
ring-shaped or plate-like base body 1 from the front side to
the rear side, insulated in a sealing material 60—in this case
a glass material which however can also be glass ceramics
or ceramic materials—second metal pin 52 serves as ground
pin. For this purpose, second metal pin 52 is connected
directly with ring-shaped or plate-like body 1. Metal pin 50
as well as metal pin 52 is curved. The curvature of both
metal pins is identified with 54 and 56 respectively and is
clearly recognizable.

Metal pin 50 is moreover provided with means 62 on
metal pin 50 itself, which engage into the glass plug thereby
preventing the metal pin being pushed out of glass plug 60
into which the metal pin is glazed, even at high pressures.

Glazing of metal pin 50 into sealing material 10 occurs
through sealing in. As soon as the metal pin is fused into the
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sealing material the glass plug is inserted into the
feedthrough opening 10 together with the metal pin. Then,
the glass plug, together with the ring-shaped or plate-like
element, that is the base body, is heated so that after cooling
the metal of the ring-shaped or plate-like element shrinks
onto the sealing material, in this case the glass material, as
previously in the production of the glass plug whereby the
metal pin is inserted into the glass plug. The grounded metal
pin 52 is connected conductively with the ring-shaped or
plate-like element, for example through brazing. The weld-
ing location is identified with 70.

FIG. 3b is a top view of an inventive metal-sealing
material-feedthrough. Clearly seen in the top view is the
central feedthrough 10 in the ring-shaped or plate-like
element 1. Moreover, curved metal pin 50 and 52 respec-
tively is clearly recognizable. Especially on metal pin 50 it
can be clearly seen that the metal pin is offset, that is bent
at its end 72 relative to center R of the plate-like base body.
This also applies to metal pin 52. The curved pins are also
clearly visible in the view in FIG. 3¢. The illustration in FIG.
3¢ of the entire metal-sealing material-feedthrough shows in
particular also the welding region 70 of the grounded pin as
well as the relief bore or respectively the relief region 5 in
the ring-shaped or plate-like base body. It is characteristic
for a metal-sealing material-feedthrough with a plate-like
element as base body according to the invention which has
a relief bore or respectively a relief region that the embed-
ding in glass 20 of the metal pin in the base body occurs only
over a partial region, namely only over the thickness DR of
the feedthrough opening and not over the entire thickness D
of the base body.

FIG. 4a is a metallurgical section through a ring-shaped or
plate-like element 1 produced through the inventive forming
and punching process, as illustrated in FIG. 2a.

Identical components as shown in FIG. 2a carry the same
identification numbers.

As can be seen from the metallurgic section according to
FIG. 4a, the ring-shaped or plate-like elements 1 produced
according to the inventive method are identified through
structure-/flow-lines 1500 which were bent in region 1600
due to the forming process.

In contrast to this, FIG. 45 illustrates a component 100
produced in accordance with the conventional method by
means of machining, which is in particular a turned part.
Shown again are the structure-/flow lines 2000. Structure-/
flow lines 2000 are essentially parallel and point into the
same direction as the bar stock from which the ring-shaped
or respectively plate-like component 100 was produced
according to the state of the art, as shown in FIG. 44.
Feedthrough opening 110 is bored out of component 100.

The invention cites a method for the first time with which
a plate-like element is to be produced in a simple manner
and distinguishes itself through compatibility with the
metal-sealing material-feedthrough according to the state of
the art, thus enabling installation in conventional ignition
devices or respectively airbags.

While this invention has been described with respect to at
least one embodiment, the present invention can be further
modified within the spirit and scope of this disclosure. This
application is therefore intended to cover any variations,
uses, or adaptations of the invention using its general
principles. Further, this application is intended to cover such
departures from the present disclosure as come within
known or customary practice in the art to which this inven-
tion pertains and which fall within the limits of the appended
claims.
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What is claimed is:

1. A method to produce a cylindrical metal-sealing mate-
rial-feedthrough, said method comprising the steps of:

producing a cylindrical plate-like body by providing a

blank;

processing said blank so that a feedthrough-opening is

incorporated into a ring-shaped or plate-like element
created from said blank, said feedthrough-opening
extending from a back side of said blank to a front side
of said blank, said processing step including forming a
relief region in said blank extending from said back
side toward said front side using a cold forming pro-
cess, the relief region having a height HF, the step of
forming the relief region defining a reduced thickness
region DR, said reduced thickness region DR having a
thickness being not greater than 3 mm;

punching through the reduced thickness region DR to

form the feedthrough-opening;

producing a sealing material including at least one metal

pin embedded in said sealing material; and

inserting said sealing material with said at least one metal

pin into said feedthrough-opening extending from said
back side to said front side of said ring-shaped or
plate-like element.

2. The method to produce a metal-sealing material-
feedthrough of claim 1, wherein said blank is cold formed
from a cylindrical wire-shaped material.

3. The method to produce a metal-sealing material-
feedthrough of claim 2, wherein said cold-forming process
includes compression.

4. The method to produce a metal-sealing material-
feedthrough of claim 3, wherein said compression takes
place along a longitudinal axis of said blank formed from a
wire-shaped material.

5. The method to produce a metal-sealing material-
feedthrough of claim 2, wherein said ring-shaped or plate-
like element has an essentially round outside contour and
said feedthrough-opening is located in a center of said
ring-shaped or plate-like element.

6. The method to produce a metal-sealing material-
feedthrough of claim 2, wherein, to incorporate said relief
region, one of said ring-shaped or plate-like element is
pressed against a punch and a material of one of said
ring-shaped or plate-like element flows around said punch.

7. The method to produce a metal-sealing material-
feedthrough of claim 6, wherein an essentially conically
tapering feedthrough-opening is punched through said
reduced thickness region DR.

8. The method to produce a metal-sealing material-
feedthrough of claim 2, wherein cold forming said blank,
providing said relief region, and punching said feedthrough
opening occur in an essentially equal amount of time.

9. The method to produce a metal-sealing material-
feedthrough of claim 2, wherein, to incorporate said relief
region, a punch is pressed against one side of and one of said
ring-shaped or plate-like element and a material of and one
of said ring-shaped or plate-like element is pushed out on a
side opposite said side of said ring-shaped or plate-like
element.

10. The method to produce a metal-sealing material-
feedthrough of claim 1, wherein said method further
includes heating said ring-shaped or plate-like element and
said sealing material, as well as subsequent cooling, so that
a connecting bond is formed between said ring-shaped or
plate-like element and said sealing material.
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11. A method to produce a cylindrical metal-sealing
material-feedthrough, said method comprising the steps of:

producing a cylindrical plate-like body by providing a
blank;

processing said blank so that a feedthrough-opening is
incorporated into a ring-shaped or plate-like element
created from said blank, said feedthrough-opening
extending from a back side of said blank to a front side
of said blank, said processing step including forming a
relief region in said blank extending from said back
side toward said front side using a punch, the relief
region having a height HF, the step of forming the relief
region defining a reduced thickness region DR, said
reduced thickness region DR having a thickness being
not greater than 3 mm;

punching through the reduced thickness region DR to
form the feedthrough-opening;

producing a sealing material including at least one metal
pin embedded in said sealing material; and

inserting said sealing material with said at least one metal
pin into said feedthrough-opening extending from said
back side to said front side of said ring-shaped or
plate-like element.

12. The method of claim 11, wherein the processing step

includes:

forming the relief region in said blank by pressing the
ring-shaped or plate-like element against the punch; or

forming the relief region in said blank by pressing the
punch against the ring-shaped or plate-like element.

#* #* #* #* #*
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